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ABSTRACT
Aims: The aim of the study was to assess Black stork (Ciconia nigra) population trends and
breeding habitat preferences in two habitat scales, in the National Park of Dadia-Lefkimi-Soufli
(Dadia NP), in north-eastern Greece. Dadia NP is a renowned European biodiversity hot-spot (N 40°
59' to N 41° 15', E 26° 19' to E 26° 36').
Study Design: The Black stork breeding population was monitored under the Systematic Raptor
Monitoring Scheme (SRM), which was established in the area by World Wildlife Fund (WWF)
Greece.
Place and Duration of Study: The study was conducted in Dadia NP with annual monitoring efforts
from 2001 until 2006, and once again in 2012.
Methodology: Twenty-four vantage points and ten road transects were selected throughout the
entire study area. All Black stork individuals were surveyed and mapped during five months (March
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to July), for each monitoring year. Nesting habitat was measured in two scales. To assess the
microhabitat, nesting-trees and vegetation variables were measured in a circular area of 0.1 ha
(radius 17.85 m) around each nest. For the macro-habitat scale, a total of ten environmental
variables were analyzed to model habitat suitability. MaxEnt software was used using high spatial
resolution satellite data for each monitoring year.
Results: Black stork territories increased in Dadia NP from 24 pairs in 2001 to 33 pairs in 2012
demonstrating a total of 34.7% relative increase. According to Man Kendal tests, the species had a
positive MK slope (1.7) which although not significant (tau = 0.69, P = 0.08), denoted a continuous
increase. Increasing trends were corroborated by GAM models. The Black stork generally used
large mature trees for nesting in sparse forests patches. The variable “elevation” demonstrated the
most useful information for habitat modeling. During all monitoring years, Black stork showed a clear
preference for the lowlands close to arable fields and wetlands which were used for foraging.
Following the positive trend of Black stork population, the species’ suitable nesting habitat also
extended from 48% in 2001 to 72% in 2012.
Keywords: Black stork; Ciconia nigra, Dadia; Greece; population trends; habitat suitability.
hereafter). Since 2001 a Systematic Raptor
Monitoring Scheme (SRM) has been established
by World Wildlife Fund (WWF) Greece in Dadia
NP, in order to evaluate the status of protected
avian species at regular temporal intervals [6].
Furthermore, the area’s importance as a
biodiversity hot-spot is renowned in the
European Union (EU) [6,7], along with the
region’s importance for the Black stork [8,9].

1. INTRODUCTION
Human population overgrowth has resulted in an
unsustainable exploitation of Earth’s biological
diversity, which was exacerbated by climate
change, and other anthropogenic impacts [1].
Effective biodiversity conservation though, is
essential for human survival, and thus,
successful conservation approaches need to be
reinforced [1]. In respect to wildlife specifically,
human pressure has a major impact on wildlife
populations by influencing habitat structure,
resource availability and population interactions
[2]. As far as forest dwelling species are
concerned, deforestation and intensive forest
exploitation, although less obvious in temperate
zones, threaten specialists which depend on
healthy forest ecosystems to breed [3]. Within
the forest landscape context, habitat diversity
and connectivity are crucial elements for wildlife
populations, since they define resource
partitioning in respect to food, nesting, cover,
roost, and both intra and inter-guild interactions
[4]. Therefore, forest management must be
based on up-to-the date scientific evidence, in
order not to threaten sensitive and specialist
species [5].

The Black stork, is recently considered both by
International Union for Conservation of Nature
(IUCN) as well as Birdlife [10], as a species of
Least Concern. It is a species with a Eurasian
distribution range mainly, which has undergone
sharp declines in the past, mainly due to:
(i) habitat loss, especially of important foraging
habitats which are wetlands, and (ii) due to the
use of pesticides in Africa which holds the main
wintering grounds for the species [10]. Although
the species is listed as Least Concern in its
global evaluation, according to the Greek Red
Data Book [8], the Black Stork in Greece has
undergone serious declines in most of its
distribution range. Today, Black storks breeding
range is restricted to specific nucleus in Thrace,
Macedonia, Epirus, north-eastern Thessaly, and
the island of Lesvos. The total breeding
population in Greece is estimated at 70-100 pairs
[8], whereas in Dadia NP lies the stronghold area
for the species in the country, with a breeding
population of 32-35 pairs [9].

In that context, long–term monitoring schemes
are essential tools for effective nature
conservation. More specific, long-term avian
populations monitoring, can offer insights by:
(i) estimating current population status, and
(ii) accurately assess long-term population trends
[6]. In the present study, we propose a multiscale framework for effective monitoring as a
conservation tool, as it is analytically explained in
Poirazidis [6]. We apply this approach using
Black stork (Ciconia nigra) monitoring data from
Dadia-Lefkimi-Soufli National Park (Dadia NP

Main target of the present study is to assess the
species’ conservation status, using data
systematically collected from Dadia SRM.
Specific aims are: (i) explore Black stork longterm population trends and habitat suitability in
regional scale, (ii) recognize specific habitat
needs for nesting sites in order to define optimal
2
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breeding habitats in micro-habitat scale, and (iii)
pinpoint essential elements of that habitat.
Ultimate goal is to channel all resulting
knowledge into sound management programs.
Concrete management decisions function
towards effective protection of biological diversity
in the area, reduce conflicts between
management and nature conservation, and can
formulate effective conservation strategies [11,
12].

2005 and once more in 2012), under the
framework of SRM, which was established by
WWF Greece in Dadia NP. Twenty-four vantage
points and 10 road transects were selected
throughout the entire study area and all
individuals were surveyed and mapped for a fivemonth period (March to July), during each
monitoring year [6]. Field work observation data
were entered in seven different ArcGIS layers:
general flights, territorial observations, landings,
synchronous observations, nest areas, meeting
points and meeting point flights. GIS analysis
was applied in three consecutive stages to
estimate total territories for the species [6].
Breeding
territories
were
classified
as
“confirmed” or “possible.” The classification
“possible” was used when it was not possible to
confirm with absolute certainty that the
observations were obtained from separate
individuals, which maintained a separate
territory. At the end, the final number of territories
for each species was calculated by adding 50%
of possible territories to the confirmed values (for
a detailed field work methodology see Poirazidis
[6]).

Nesting habitat quality is essential for the
conservation of any species. In respect to Black
stork, it is a species that needs high, old mature
trees with generally large breast height diameters
[9]. It generally inhabits old undisturbed forest
areas, interspersed with shallow lakes, marshes,
ponds and streams [9].
To the best of our knowledge, previous Black
stork studies in the region [9,13], have not
encompassed such a large time-series dataset
as the one included in our study, and they have
not presented so far population trends for the
species, whereas we also focus on habitat
suitability in the region from both a macro and
micro landscape perspective.

Inter-annual variation of Black stork territories
was
firstly
explored
through
relative
variation. Τhe initial monitoring year 2001
was used as a baseline
threshold for
territory numbers, which was appointed the
value of 1. For all subsequent monitoring
years,
the
relative
difference
between
occupied territories in respect to the baseline
value was calculated [14]. In order to
further explore Black stork population trends, the
non-parametric test of Mann-Kendall (MK)
was applied to the annual SRM values. With
the MK test, a monotonic upward/downward
trend is produced which depicts if the variable
under question, consistently increases or
decreases through time [15]. All MK tests
were applied with the “Kendall” package
[16] in R programming language [17]. In
order to locate the best fitting model and explain
Black stork territories trends since 2000, we
evaluated alternative models based on the
criterion of AIC and BIC [18], namely
Generalised Linear Models (GLMs) with Poisson
and Negative Binomial distributions and
Generalised Additive Models (GAMs), with and
without smoothing terms (cubic and cyclic cubic
regression splines). The latter ones fitted best to
the variables under question. The packages
“mgcv” and “AICcmodavg” were applied to
perform
aforementioned
analyses
in
R
programming language [19].

2. METHODOLOGY
2.1 Study Area
Dadia NP is located in northeastern Greece in
Evros Prefecture (N 40° 59' to N 41° 15', E 26°
19' to E 26° 36'). It forms part of the southeastern Rhodope Mountains, bordering with
Turkey in the east. The total area is
approximately 43.000 hectares and it includes
two strictly protected core areas, which
encompass a total of 7.290 ha. The altitude
ranges between 10m and 654 m, and the
topography is characterized by hilly slopes with
small and large valleys and a diverse habitatmosaic landscape. The main land cover is
dominated by coniferous stands of Corsican pine
(Pinus nigra) and Calabrian pine (P. halepensis
subsp. Brutia), pure oak (Quercus sp.) stands,
mixed stands of pines and oaks and in lesser
extent there are also evergreen broadleaves and
open areas. The agricultural areas and
settlements are concentrated mainly at the
lowland eastern part of the Dadia NP (for a
detailed habitat analysis see Poirazidis [6]).

2.2 Field Work and Statistical Analysis
Black stork breeding population was monitored
for six years (on an annual basis from 2001 till
3
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Suitable nesting habitat was measured in two
scales, both from the micro and macro
perspective. At the finer scale, nest-tree and
vegetation variables were measured in-situ, while
at the macro-scale habitat, suitability models
were formulated using variables at the landscape
level. In 2001, 16 active nests were found in
occupied territories and they were used to
analyze
nesting
micro-habitat.
Nest-tree
variables included diameter breast height (DBH),
nest-tree height (m), height of tree canopy (m),
and nest height from the ground (m), while
vegetation variables were estimated in a circular
plot of 0.1 ha (radius 17.85 m) around each nest,
in order to characterize the nesting micro-habitat
for Black stork breeding grounds. Mean canopy
cover and canopy height were estimated by
averaging the measurements of four quartiles
(facing to north, east, south and west). To
maintain variables’ independence and avoid
pseudo-replication, only nests which were found
active in 2001 were used for the micro-habitat
analysis [20]. Nest variables were calculated by
the end of the breeding season in order to avoid
nestlings’ disturbance. A random sampling was
also conducted in 2001 throughout the
suitable area as estimated by habitat modeling,
in order to evaluate available habitat. Regions
where the mean Diameter of Breast Height
(DBH) of surrounding forest stand was less than
20 cm were excluded (sites with very young
forests stands), as it is unusual to be adopted by
the Black stork as potential nesting sites. To
stabilize the variance, a minimum number of 70
samples were estimated to achieve accuracy ±
20% and a significance level of p = 0.05. All
datasets were tested for normality with
Kolmogorov-Smirnov test. The canopy-cover
variables were arcsine transformed. After
data normalization, trees with diameter classes
36 - 48 and 48 - 80 where combined in one
category.

Habitat suitability for the Black stork in Dadia NP
was predicted with the maximum entropy models
(MaxEnt). MaxEnt is a machine learning
technique, which processes iteratively the
probability distribution of studied species by
using presence data as a function for the
independent variables’ dataset [21]. The initiation
point for MaxEnt is the uniform probability
distribution in the study area. All included
features in the model, along with their relative
weights are updated through a consecutive and
continuous process, as the gain exponentially
explores all possible suitable areas [21, 22]. In
the present study, the entire landscape was
represented by 10.000 random points with
random seeding which were used as pseudoabsences points. The results for each year model
were averaged after 10 replications, using the
method of cross-validation and the rest of
MaxEnt’s parameterization (e.g. convergence
threshold, regularization parameter λ) was set at
default values [23,24]. The Area Under Curve
(AUC) was used as a “goodness of fit” indicator
for each produced model, in order to evaluate
predictive accuracy. We considered an excellent
model performance above 0.90 threshold (0.90 1), and likewise, a good performance at 0.80 0.90, average at 0.7 - 0.8 and poor at 0.6 - 0.7.
Models below 0.5 were considered insufficient
[25]. Response curves of univariate models were
also created to examine how each environmental
variable affects the prediction per year. The
output of MaxEnt suitability map ranged in a
logistic scale of 0 – 1, and it was reclassified into
a binary map (presence/ absence) using the
threshold “minimum training presence (MTP)”,
which determines the minimum predicted value
for any presence location, predicting marginal
and core regions.

3. RESULTS AND DISCUSSION
3.1 Population Trends

At the macro level, macro-habitat suitability
(HS hereafter) was evaluated for the six
monitoring years by assessing 10 environmental
variables, as extracted from GIS layers (Table 1).
The center of confirmed territories was
used to indicate species’ breeding presence,
from
each
year
dataset.
Land
cover
variables were calculated with an integrated
classification, using very high spatial resolution
satellite-data for years 2001 and 2011.
The 2001 classification was used for the
analysis of 2001, 2002, 2003, 2004 and 2005
territory data and the 2011 classification for 2012
data.

Black stork territories increased in Dadia NP from
24 pairs in 2001 to 33 pairs in 2012 (Table 2),
demonstrating a total of 34.7% relative increase
(Fig. 1). That relative increase depicts the
variation of Black stork throughout the monitoring
years, in respect to the first year value.
According to Man Kendal tests, the species had
a positive MK slope (1.7) which although not
significant (tau= 0.69, P=0.08), denoted a
continuous stable increase. Additionally, General
Additive Models (GAM) indicated as well a
significant variation over time (t = 24.702, P <
0.001), as demonstrated in Fig. 2.
4
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Table 1. Habitat variables for the Black stork macro-habitat modelling of breeding site
preferences in Dadia NP
Variables used in macro-habitat analysis, coding and description
elevation
Altitude over sea (m)
slope
Slope of the hills (%)
land cover (thematic)
Land cover of 13 (14) different types
dst_urban
Distance to nearest village
dst_settlements
Distance to nearest other settlement
dst_paved
Distance to nearest paved road
dst_unpaved
Distance to nearest unpaved road
dst_mainriver
Distance to nearest main river
dst_cultivations
Distance to nearest agriculture field
dst_openings
Distance to nearest open habitat
Land cover types included in macro-habitat analysis, coding and description
1
Broadleaved Forest Patches
2
Arable land
3
Conifer_Forest_Patches
4
Coniferous
5
Evergreen
6
Mixed
7
Openings
8
Psp/Qsp
9
Qsp/Psp
10
Quercus
11
Roads
12
Settlements
13
Water
14
Burned area (only in 2011)
Table 2. Number of Black stork territories per monitoring year, during the period 2001-2012

Confirmed
Possible
Total territories

2001
20
8
24

2002
24
2
25

2003
29
8
33

2004
26
6
29

2005
28
6
31

2012
31
4
33

Fig. 1. Relative variation of Black stork territory numbers Dadia NP during the six Systematic
Monitoring surveys (March to August: 2001–2005 and 2012)
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other studies [26-28]. Loose forests with nests
positioned at a great height from the ground, are
likely to facilitate nest access, offer vantage
points for locating predators, and concealment
[28].

3.2 Nesting Habitat Assessment from the
Micro-Habitat Perspective
The Black stork used large trees for nesting, both
in the horizontal and vertical concept. The mean
DBH of nesting trees was formed at 55.7 ± 10.3
cm, which, apart from being significantly bigger
than in random samples (26.9 ± 9.6 cm),
indicates as well the importance of DBH
parameter for Black stork nest-site selection (p <
0.001). Additionally, the height of nesting trees
differentiated significantly and was higher from
random selected trees (p < 0.01). The Black
stork preference on high trees with the greatest
DBH, and the location of nests at the middle of
the trunk (distance from the ground of 8.4 ± 2.2
m), most probably reflects the species’ need for
mature trees, in order to support a heavy nest
construction. Biggest trees are also significantly
more selected for nesting within the 0.1ha area.
The total number of trees in class diameter of 8 20 cm, were significantly fewer than at the
random sites (p < 0.01), while more bigger trees
were found at nesting sites (p < 0.05), reaching
to 6.7 ± 2.7 trees with a class diameter of 36 - 80
cm, whereas at the random points a total of 4.4 ±
4.4 trees were found. Although the canopy cover
was insignificantly different in the nesting areas
compared to the random samples (p > 0.05),
around nesting sites a higher canopy cover was
estimated (74.3% ± 19.6) than at random sites
(57.9% ± 21.6). The presence of mature forest,
probably enables Black storks to choose and
construct nests on different mature trees each
following year, as it has already been noted in

3.3 Habitat Modeling and the MacroHabitat Perspective
Model performance was quite similar among
different years. High AUC values > 0.8 were
produced for the first five years, but dropped at
less than 0.8 during the last monitoring year.
Most of the variables, when analyzed in isolation
demonstrated a poor discriminative power by
receiving an AUC value < 0.6, but there was not
a clear pattern among years (Table 3). The
variable elevation offered the most useful
information both in AUC values but also for its
permutation importance (Table 4). As derived
from the analyses, the Black stork shows a clear
preference in lowlands for breeding (the
suitability is maximized in the region of 100-200
m a.s.l.) and this pattern has also been
increasing with time (Fig. 3).
In terms of habitat suitability and human
settlements, it maximized at a distance of 2000
m from the nearest village. That distance
appeared as a constant pattern on time. An
interesting difference was also apparent between
the relative uses of different land covers in a
temporal basis. During the first monitoring years
(2001- 2005), water land-types were not selected
by the Black stork, whereas in 2012 the land

Fig. 2. Inter-annual variation in Black stork territory numbers in Dadia NP: (a) Trends fitted in a
Generalized Additive Models analysis, and (b) predictive population trends fitting a cubic
regression (cr) spline as a smoothing term
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Table 3. Inter-annual gain value for full model and AUC values both for full model and per
variable
Year
GAIN model
AUC model

2001
0.64
0.89

2002
0.51
0.81

elevation
land cover
dst_urban
slope
dst_cultivations
dst_paved
dst_mainriver
dst_openings
dst_settlements
dst_unpaved

0.66
0.54
0.61
0.27
0.50
0.51
0.46
0.72
0.50
0.50

0.65
0.65
0.58
0.46
0.70
0.51
0.63
0.52
0.55
0.50

2003
2004
2005
0.49
0.60
0.69
0.84
0.86
0.87
AUC value with only one variable
0.65
0.59
0.72
0.57
0.60
0.48
0.60
0.56
0.70
0.55
0.61
0.54
0.54
0.52
0.62
0.48
0.45
0.57
0.55
0.55
0.54
0.50
0.61
0.49
0.56
0.49
0.52
0.56
0.52
0.45

2012
0.29
0.77
0.62
0.56
0.54
0.53
0.52
0.49
0.47
0.41
0.28
0.22

Table 4. Inter-annual permutation importance per variable
elevation
dst_urban
land cover
dst_cultivations
dst_unpaved
slope
dst_settlements
dst_paved
dst_mainriver
dst_openings

2001
48.55
8.78
6.66
3.03
0.15
1.93
0.03
12.88
0.21
17.80

2002
25.90
0.09
10.27
20.75
2.70
1.18
6.71
1.73
28.09
2.59

2003
45.38
15.47
8.58
3.23
0.34
4.88
1.75
4.16
8.95
7.25

2004
1.53
22.33
37.12
3.83
6.68
10.11
1.90
0.97
6.80
8.72

2005
52.42
11.13
11.31
3.17
0.01
4.71
0.79
10.94
5.43
0.08

2012
38.13
19.85
17.24
9.06
4.55
4.20
2.97
1.82
1.51
0.63

class “water” was the highest selected type
(Fig. 3). A possible explanation for that shift,
may be the construction of two big dams
in the region during the period 2001-2012,
which increased water surface areas in Dadia
NP from 0.03% to 0.08%. That increase,
although small in numbers, may have offered a
significant addition
to
wetland
foraging
areas which are of main importance for the Black
stork.

reflect an adaptation of nesting near human
settlements, but it could be a side effect, since
human settlements occur more in low altitudes. It
remains though, to be further quantified in the
future, up to which point cultivations’ irrigation
near
human
settlements
also
function
periodically as “human-induced” plots for
foraging
near
water,
which
could
potentially attract Black storks near human
settlements.

Black stork used mainly arable fields and
wetlands for foraging which are actually limited in
the study area [29]. As of consequence, the
establishment of nesting sites was close to all
aforementioned habitats. It is quite probable, that
the species is reducing intraspecific competition
by best exploiting preferred habitats, through
these nesting patterns of choice. In that context
though, Black stork preference towards nesting
in low altitudes, could be a function of not only
their vicinity to main foraging areas (cultivations,
open water areas with streams) but rather to their
absence from higher altitudes [29,30]. In that
sense, nesting patterns may not necessarily

Slope is another important factor affecting nest
site selection for avian species. Nonetheless, it
was not selected by the Black stork possibly due
to limited availability of steep areas. Furthermore,
the lack of statistical relationships between
nesting sites’ distance from forest openings is
probably due to increased availability of forest
openings in the lowlands of Dadia NP [30]. As
such, forest openings and streams are hosts to
high densities of reptiles, amphibians and small
fishes, which are primary prey types for the Black
stork. In the same context nonetheless, a lack of
significant relationships to forest openings may
also be an effect of studied scale. In specific,

7

Poirazidis and Bontzorlos; ARRB, 19(4): 1-12, 2017; Article no.ARRB.37663

Fig. 3. Univariate models’ response curves in respect to the variables: (i) elevation, (ii)
dst_urban, and (iii) land-cover types for three monitoring years, first monitoring year, mid-year
and final monitoring year
Black storks can fly considerable distances to
forage in the late stages of their nestlings’
growth, when water ponds are significantly
reduced in the region [31].

year adjacent to already established ones. Still,
the core breeding habitat remained spatially
constant during the 12 years of monitoring
(Fig. 4).

In terms of spatial positioning of Black stork
nests, the species is mainly characterized as a
forest-interior bird, nesting at a certain distance
from edges [32]. That fact could probably
indicate a trade-off between foraging sites’
distance and disturbance at edges, along with
predation risks [32]. Nonetheless, in Dadia NP
the Black stork nested relatively close to human
structures, which are potentially disturbance
sources. Consequently, in contrast to other
European breeding areas where the species
preferred undisturbed forest [32], in Dadia NP
nesting near anthropogenic edges apparently
offers foraging opportunities.

Despite the stability of the core breeding habitat,
when including both marginal and core habitats
(using binary presence/absence maps with
minimum training presence threshold), an
interannual increase of suitable habitat was
mapped in this region. The increase started from
a 37.03% of suitable area in 2001 and reached to
a 71.81% in 2012. Although this trend was not
significant (MK tau test = 0.2, p >> 0.05), a
significant variation over time was detected using
GAM (t = 4.872, P < 0.01), which followed a
similar trend with the increase of breeding
territories in the region (Fig. 5).

Black stork breeding populations increased in
Dadia NP, by establishing new territories each

The constant increase of Black stork population
in the region, according to Alexandrou et al. [9]
has been enhanced by the intensification of
8
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agriculture at a small scale, which produced
additional foraging areas. Furthermore, (i) a very
high reproduction rate for the species, (ii) high
hatching percentages, and (iii) high rates of
successfully fledged nestlings according to
Alexandrou et al. [9], are also additional factors
for this population increase. That fact, may
probably also be an adaptation to the increase of
foraging and food resources. Overall, Black stork
nesting habitat in Dadia NP was mainly

segregated by distance to foraging areas, and it
was
further
defined
by
microhabitat
characteristics by choosing forest structures and
nest-tree characteristics that maximize breeding
success. During the period 2001-2012, land use
change is clearly benefitting the species though,
by giving space to more suitable habitats (Fig. 4).
These land use changes though, must be taken
into account under a holistic, conceptual and

0.2
0.1
0.0

2012

2011

2010

2009

2008

2007

2006

2005

2004

2003

2002

2001

-0.1

Smoothing splines - s (year, 1.65)

Fig. 4. Habitat suitability for the Black stork in Dadia NP as produced for the first and last
monitoring year (2001 and 2012 respectively) in a logarithmic scale 0-1

Years

Fig. 5. Inter-annual variation of predictive suitable areas in Black stork in Dadia NP as
produced by GAM models with smoothing splines
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pragmatic framework, since Dadia NP hosts the
most diverse assemblage of raptors in the EU
[6]. Thus, thorough management processes need
to be initiated in the region, which in respect to
Black stork at least, could encompass: (i)
maintaining small groups of mature forest with
loose density and sparse intermediate canopy.
Logging small tree groups can create similar
aged forest classes. (ii) In respect to DBH, Black
storks nests on forest patches of 50 to 60 years
of age. Forest management, must preserve such
management stands. (iii) Trees above 80 years
must be preserved since they include most
important characteristics. (iv) Dispersion of
suitable
nesting
habitats
for
attracting
newcomers, and (v) Increase wetland plots.

REFERENCES
1.

2.

3.

4. CONCLUSIONS
4.

The Black stork mainly selects high trees with a
large diameter (DBH), in order to establish its
nests. Average DBH of nesting trees was
calculated at 56 cm. Trees are selected within
sparse forest patches, whereas the large tree
height along with the large DBH, are most
probably preferred by the Black stork because
they can sustain heavy nest constructions.
Nesting areas are confined in low altitudes, and
are located to a certain vicinity to human
settlements. The Black stork mainly foraged in
agricultural plots of arable land, as well as in
streams and wetlands. In respect to the species’
population trends, according to SRM data in
Dadia NP, the Black stork has demonstrated a
constant and significant increase since 2001. An
increase was also clearly noted in adequate
habitat. According to MaxEnt models, habitat
suitability increased significantly since 2001 in
the area for the Black stork. That recorded landuse change which takes place in Dadia NP,
allows the area to host gradually new breeding
attempts each forthcoming year, due to the
increasing rate of suitable nesting habitats.

5.

6.

7.

8.

ACKNOWLEDGEMENT
This paper is based on systematic monitoring
data conducted through WWF Greece projects
for the conservation of the Dadia-Lefkimi-Soufli
National Park, and was partly supported by the
LIFE Nature project “Conservation of Birds of
Prey in the Dadia Forest Reserve, Greece”
(LIFE02NAT/GR/8497).

9.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

no

competing

10

Rands MRW, Adams WM, Bennun L,
Butchart SHM, Clements A, Coomes D,
Entwistle A, Hodge I, Kapos V,
Scharlemann JPW, Sutherland WJ, Vira B.
Biodiversity
conservation:
Challenges
beyond 2010. Science. 2010(Sep10);
329(5997):1298-1303.
DOI: 10.1126/science.1189138.
Hunter M. Maintaining biodiversity in forest
ecosystems. Cambridge University Press,
Cambridge, UK; 1999.
Tucker GM, Evans MI, editors. Habitats for
birds in Europe. A conservation strategy
for the wider Environment. BirdLife
International - BirdLife Conservation Series
no.6, Cambridge; 1997.
Pautasso M, Gaston KJ. Resources and
global avian assemblage structure in
forests. Ecology Letters. 2005;8:282–289.
DOI: 10.1111/j.1461-0248.2005.00724.x
Lindenmayer DB, Franklin JF, Fischer J.
General management principles and a
checklist of strategies to guide forest
biodiversity
conservation.
Biological
Conservation. 2006;131:433–445.
DOI: 10.1016/j.biocon.2006.02.019
Poirazidis K. Systematic Raptor Monitoring
as conservation tool: 12 year results in the
light of landscape changes in DadiaLefkimi-Soufli National Park. Nature
Conservation. 2017;22:17-50.
Doi:org/10.3897/natureconservation.22.20
074.
Kati VI, Sekercioglu CH. Diversity,
ecological structure, and conservation of
the landbird community of Dadia reserve,
Greece. Diversity and Distributions. 2006;
12: 620–629.
DOI: 10.1111/j.1366-9516.2006.00288.x
Legakis A, Maragou P, editors. The red
book of threatened animals in Greece.
Hellenic Zoological Association, Athens,
Black stork reference in: 262-263. In
Greek. 2009;528.
Available:http://www.ypeka.gr/LinkClick.as
px?fileticket=TPsw%2b3PNVX8%3d&tabid
=518&language=el-GR
Alexandrou O, Bakaloudis DE, Papakosta
MA, Vlachos CG. Breeding density,
spacing of nest-sites and breeding
performance of black storks Ciconia nigra
in Dadia-Lefkimi-Soufli Forest National
Park, north-eastern
Greece.
NorthWestern Journal of Zoology 12, 7–13.

Poirazidis and Bontzorlos; ARRB, 19(4): 1-12, 2017; Article no.ARRB.37663

10.

11.

12.

13.

14.

15.

16.

17.

18.

BirdLife International. Ciconia nigra,
(amended version published in 2016). The
IUCN Red List of Threatened Species;
2017.
Available:T22697669A111747857
(Assessed 21 October 2017)
DOI:
dx.doi.org/10.2305/IUCN.UK.20171.RLTS.T22697669A111747857.en
Kirk DA, Hyslop C. Population status and
recent trends in Canadian raptors: A
review. Biological Conservation. 1998;
83(1):91-118,
DOI: 10.1016/S0006-3207(97)00051-7
Saurola P. Monitoring birds of prey in
Finland: A summary of methods, trends,
and statistical power. Ambio. 2008;37:
413–419.
DOI:10.1579/00447447(2008)37[416:MBOPIF]2.0.CO;2.
Vlachos CG, Bakaloudis DE, Alexandrou
OG, Bontzorlos VA, Papakosta MA.
Factors affecting the nest site selection of
the black stork, Ciconia nigra in the DadiaLefkimi-Soufli National Park, north-eastern
Greece. Folia Zoologica. 2008;57:251–
257.
Siriwardena GM, Baillie SR, Buckland ST,
Fewster RM, Marchant JH, Wilson JD.
Trends in the abundance of farmland birds:
A quantitative comparison of smoothed
Common Birds Census indices. Journal of
Applied Ecology. 1998;35(1):24–43.
DOI:org/10.1046/j.13652664.1998.00275.x
Baldwin JD, Bosley JW, Oberhofer L, Bass
OL, Mealey BK. Long term changes,
1958–2010, in the reproduction of Bald
eagles of Florida Bay, Southern Coastal
Everglades. Journal of Raptor Research.
2012;46(4):336–348.
DOI: org/10.3356/JRR-11-65.1
McLeod A. R Package “Kendall”; 2015.
Available:http://www.stats.uwo.ca/faculty/ai
m.
R Core Team. R: A language and
environment for statistical computing.
2017. R Foundation for Statistical
Computing, Vienna, Austria.
Available:https://www.R-project.org/
Guisan A, Edwards TC, Hastie T.
Generalized linear and generalized
additive models in studies of species
distributions: setting the scene. Ecological
Modelling. 2002;157:89–100.
DOI: org/10.1016/S0304-3800(02)00204-1

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

11

Wood SN. R Package “mgcv”; 2012.
Available:http:\\cran.rproject.org\web\packages\mgcv\mgcv.pdf
Sergio F, Boto A, Scandolara C, Bogliani
G. Density, nest sites, diet, and
productivity of common buzzards (Buteo
buteo) in the Italian Pre-Alps. Journal of
Raptor Research. 2002;36(1):24-32.
Phillips SJ, Anderson RP, Schapire RE.
Maximum entropy modeling of species
geographic
distributions.
Ecological
Modelling. 2006;190(3-4):231-259.
Bock M, Xofis P, Mitchley J, Rossner G,
Wissen M. Object-oriented methods for
habitat mapping at multiple scales - Case
studies from Northern Germany and Wye
Downs,
UK.
Journal
for
Nature
Conservation. 2005;13:75–89.
DOI: 10.1016/j.jnc.2004.12.002
Phillips SJ, Dudík M. Modeling of Species
Distributions with Maxent: New Extensions
and a Comprehensive Modeling of species
distributions with Maxent: new extensions
and
a
comprehensive
evaluation.
Ecography. 2008;31:161–175.
DOI: 10.1111/j.2007.0906-7590.05203.x
Elith J, Phillips SJ, Hastie T, Dudík M,
Chee YE, Yates CJ. A statistical
explanation of MaxEnt for ecologists.
Diversity and Distributions. 2011;17:43–57.
DOI: 10.1111/j.1472-4642.2010.00725.x
Araujo MB, Guisan A. Five (or so)
challenges
for
species
distribution
modelling. Journal of Biogeography. 2006;
33:1677–1688.
DOI: 10.1111/j.1365-2699.2006.01584.x
Drobelis E. On the biology and protection
of the black stork in Lithuania. Acta
Ornithologica Lithuanica. 1993;7-8:94-99.
Skuja S, Budrys RR. Nesting sites of black
stork, lesser spotted eagle and common
buzzard and their nest exchange in the
forests of north, north-east and central
Lithuania. Baltic Forestry. 1999;5:67-74.
Rosenvald R, Lõhmus A. Nesting of the
black stork (Ciconia nigra) and white-tailed
eagle (Haliaeetus albicilla) in relation to
forest management. Forest Ecology and
Management. 2003;185:217-223.
Adamakopoulos T, Gatzoyiannis S,
Poirazidis K, editors. Study on the
assessment, the enhancement of the legal
Infrastructure and the management of the
Protected Area in the Forest of Dadia.
Specific Environmental Study, Volumes A,
B and C. 1995. ACNAT Project. Ministry of
Environment, Physical Planning and Public

Poirazidis and Bontzorlos; ARRB, 19(4): 1-12, 2017; Article no.ARRB.37663

Works, Ministry of Agriculture & WWFincomes for spatial conservation issues.
Greece, Athens (in Greek).
Biological Conservation. 2004;120:15330. Poirazidis K. Breeding habitat selection
160.
from co-existing raptor species in the 32. Lõhmus A, Sellis U, Rosenvald R. Have
National Park of Dadia-Leukimi-Soufli.
recent changes in forest structure reduced
Aristotle University of Thessaloniki; 2003
the Estonian black stork Ciconia nigra
(in Greek).
population? Biodiversity and Conservation.
31. Jiquet F, Villarubias S. Satellite tracking of
2005;14(6):1421-1432.
breeding black storks Ciconia nigra: New
_________________________________________________________________________________
© 2017 Poirazidis and Bontzorlos; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/21850

12

